INTRODUCTION
Nettle is a common herbaceous plant which regroups 30 to 45 species. It is part of the Urticaceae family such as ramie (Asian nettle, Boehmeria nivea) and belongs to the genus Urtica. The stinging nettle (Urtica Dioica) is the most prominent species in Europe. It grows on rich soils and up to 1.20m high.
The use of natural fibres as reinforcing components for composite materials has been the focus of many studies. Bodros et al. [1] have shown that biocomposites made out of a biodegradable thermoplastic matrix reinforced by flax fibres could be used in structural applications. At the end of their useful lifespan these biocomposites could be grinded and recycled naturally in a compost heap.
The present study analyses the tensile properties of nettle fibres which could be used for composite reinforcement. A comparison between the tensile properties of various natural and nettle fibres is made.
ABSTRACT
Developing new natural fibre composites is the focus of many studies today. Indeed, they are made out of renewable resources and thus they have a lower environmental impact in comparison to mineral fibre composites. The mechanical performances of stinging nettle fibres are measured and compared to flax and other lignocellulosic fibres. The stress/strain curve of stinging nettle fibres (Urtica Dioica) shows they have a linear behaviour which can be explained by the orientation of the cellulose microfibrils. The average tensile properties are a Young's modulus equal to 87 GPa, a tensile strength equal to 1594 MPa and, a strain at failure equal to 2.11 %.
Single fibre tensile testing
Single nettle fibres are glued on a slotted paper holder (10mm gap equal to L 0 the nominal length of the fibre). Tensile tests are carried out on a MTS Synergie 1000 apparatus equipped with a 2N cell with an accuracy of 0.01%. The accuracy of the displacement is ±1µm. The loading speed is 1 mm/min. The ASTM D 3379-75 standard is respected throughout this study. The compliance of the system is taken into account. Before the test, each sample is observed with an optical microscope and the fibre diameter is measured. Young's modulus, stress and strain at failure are measured for 90 fibres.
Mechanical properties of stinging nettles
The average tensile properties are a Young's modulus equal to 87 Pa (±2.8), a tensile strength equal to 1594 MPa (±640) and a strain at failure equal to 2.11 % (±0.83).
In comparison to the tensile properties reported in the literature for natural fibres, stinging nettle fibres have high properties (Tab. 1). The Young's modulus and strain to failure obtained for nettle fibres correspond well to those reported for ramie fibres (which are part of the same family). The ultimate stress is greater for nettle fibres in comparison to ramie and equivalent to that of flax. As one can see in table 1, stinging nettle fibres have a higher stiffness but lower strength and strain to failure than glass fibres. In order to compare their tensile performances, one should also take into account their density. Bearing in mind that nettle and ramie are from the same family, it is reasonable to make the assumption that nettle fibres have a density lower than glass fibres and close to 1.5g/cm 3 in which case, nettle fibres would have a higher specific stiffness, strength and, strain to failure than glass fibres. This study proves nettle fibres have very interesting tensile properties and could also be suitable as reinforcing components in composite materials.
